ABSTRACT Background: Moderate alcohol consumption has been shown to be positively associated with increased bone mineral density (BMD). However, other lifestyle choices have also been shown to have an effect on bone health. Objective: The objective was to examine the association between alcohol intake and BMD in women around menopause in the United Kingdom and to determine whether any association is independent of other lifestyle choices. Design: A cross-sectional study design was used to examine the relation between alcohol intake and BMD in a cohort of 3218 women aged 50-62 y from the Aberdeen Prospective Osteoporosis Screening Study. Women were grouped into clusters according to their lifestyle choices. ANCOVA was used to examine the effect of categorized alcohol intake on BMD adjusted for cluster of lifestyle and other baseline covariates. The ANCOVA was repeated for different types of alcoholic beverage (eg, beer, liquor, and wine) separately. Results: Three lifestyle clusters were identified and were based on different levels of the following 3 factors: smoking pack-years, fruit and vegetable intakes, and physical activity. In the lifestyle-adjusted models, women who consumed .1 drink/d of alcohol had a significantly greater femoral neck BMD (P = 0.008) and lumbar spine BMD (P = 0.007) than did those who never consumed alcohol. For separate alcoholic drinks, only beer had a positive significant effect on lumbar spine BMD after adjustment for lifestyle (P = 0.005).
INTRODUCTION
A positive association has been shown to exist between moderate alcohol consumption and bone mineral density (BMD) 4 . Although most of this research was conducted on postmenopausal women (1-3), a recent study concluded that moderate consumption of alcohol may also be beneficial to BMD in men (4) . In light of these findings, caution has been advised in the construction of any public health guidelines so as not to mitigate the potential severe problems associated with overconsumption of alcohol (5) .
In addition to ethanol, different types of alcoholic drinks are known to contain certain properties that could be beneficial to bone health. For example, wine and beer contain some phytochemicals that could conceivably improve bone health (6) . In the study by Tucker et al (4) , the authors found that hip and spine BMD were significantly greater in women consuming .2 drinks/d of total alcohol or wine than in nondrinkers. Beer is known to contain high concentrations of silicon, which is proposed to be important to optimal bone health (7) . Because of the low intake of beer in postmenopausal women in the study by Tucker et al, there was a lack of power to detect differences between increasing categories of beer consumption (4) . However, a mild association was found between beer intake and BMD at the femoral neck (FN) only.
Various lifestyle factors have also been shown to have an effect on bone health. Fruit and vegetables contain silicon and other components that may influence bone health (ie, vitamin C, vitamin K, magnesium, and antioxidants) and have been linked to a reduction in bone loss in premenopausal women (8) and elderly men and women (4) . In addition, physical activity has been shown to lessen bone loss (9) . One recent study in Sweden showed that the beneficial effects of a 12-mo weight-bearing program on BMD in older postmenopausal women were lost after cessation (10) . In Japan, researchers concluded that smoking may be associated with an increased risk of decreased BMD in premenopausal women (11) . It has been hypothesized that people who drink moderate quantities of alcohol may have healthier lifestyles, which suggests that lifestyle may be the confounding factor that explains the effect of alcohol intake on bone health (5, 12) . In other words, people who drink alcohol in moderation may lead healthier and more active lifestyles than do people who drink excessively or people who abstain from alcohol.
The aim of this study was to examine the association between alcohol intake and BMD in women around menopause in the United Kingdom [both hormone replacement therapy (HRT) users and nonusers] and, through lifestyle cluster analysis, to determine whether any association could be explained by an interaction with their lifestyle choices.
SUBJECT AND METHODS

Subjects
Subjects were from the Aberdeen Prospective Osteoporosis Screening Study (APOSS) cohort, involving 5119 women aged 45-54 y, which took place between 1990 and 1993 with further assessment of 3883 of the women between 1998 and 2000 at the second visit when the women were aged 50-62 y. A subset of 898 women completed a food-frequency questionnaire (FFQ) at both visits, and an additional 2340 completed the FFQ during the second visit; thus, there were a total of 3238 subjects at the second visit. Of these 3238 women, data on follow-up BMD were missing for 8, which meant that 3230 women were included in the analysis. The women were weighed on both occasions, while wearing light clothing and no shoes, on a set of balance scales (Seca) calibrated to 0.05 kg. Height and sitting height were measured with a stadiometer (Holtain Ltd). The deprivation category for the women was assigned by using national deprivation scoring, which is based on residential postal codes ranging from 1 (least deprived) to 7 (most deprived) (13) . Because of low numbers in categories 6 and 7, these categories were combined. Information on health, smoking, physical activity level (PAL), menopausal status, and use of HRT and other medications was collected at the second visit. PAL was measured at both occasions only for the subset of 898 women; therefore, the data at the second visit were more comprehensive. For this reason, all variables used in the statistical analysis were those collected at the second visit, which meant that this was a cross-sectional study design. Written informed consent was obtained for all of the women, and the study was approved by the Grampian Research Ethics Committee.
Diet and physical activity
Dietary intake over the previous 12 mo was assessed at the second visit (1998-2000) with the FFQ. The FFQ contained 98 foods or food groups and was validated against 7-d weighed records and biochemical markers of antioxidant status (14) . The FFQs were coded and analyzed by using data from McCance and Widdowson's food-composition tables and the supplements to these tables, all of which were provided in a database by the Royal Society of Chemistry and the Ministry of Agriculture Fisheries and Food (15) . Nutrients, such as vitamin D and calcium, were adjusted for energy intake (an important confounder in nutritional epidemiologic studies) by using the residual method (16) . Alcohol intake was measured as the amount consumed in the previous week. Alcohol intake for the previous week was converted to average intake per day. Drinks consumed per day was coded from portion sizes as stated in the FFQ: wine, 100 mL; liquor, 27 mL; and beer, 270 mL. PAL was calculated as the ratio of energy expenditure divided by the basal metabolic rate. This information was estimated by using results from a questionnaire that asked for the number of hours in a 24-h period spent doing heavy, moderate, or light activities and the number of hours spent sleeping or resting in bed. These questions were asked for working and nonworking days. More information on these measurements is described elsewhere (17) .
BMD
BMD of the left FN and lumbar spine (LS; L2-L4) was measured by dual-energy X-ray absorptiometry with a Norland scanner (Cooper Surgical Inc). At the 1990-1993 visit, all of the women were measured with the same Norland XR26 scanner. At the second visit (1998) (1999) (2000) , most of the women were scanned with the Norland XR26 scanner, but 12% of the women had measurements made with the Norland XR36 scanner. Because the XR36 scanner gave slightly higher readings (1.258%), a correction factor was applied to bring these in line with the measurements on XR26. The in vivo precision (CV, root mean squared percentage) for the Norland scanner in our hands was 1.2% for the LS and 2.3% for the FN.
Statistical analysis
The analyses were performed by using SPSS version 17.0 (SPSS Inc).
Cluster analysis
To group women according to their lifestyle choices, an exploratory cluster analysis was performed by using the TwoStep Cluster Analysis procedure (18) . Subsequently fitting these meaningful and distinct lifestyle clusters, rather than individual preconceived lifestyle-related variables, into a statistical model allows examination of whether lifestyle explains the effect of alcohol on BMD. The latter method would also involve fitting interactions between different lifestyle-related variables and alcohol, which can be difficult to interpret. Furthermore, a model adjusted for a class variable identifying the clusters would use less statistical power than fitting one with individual lifestylerelated variables. Different variables [including PAL score, total fruit and vegetable intake (g/d), smoking pack-years, menopausal/ HRT status, and deprivation category] and subsets of variables were entered into the cluster analysis. The TwoStep Cluster Analysis procedure was allowed to automatically determine the optimal number of clusters for each subset of variables. The final variables used to create the clusters were chosen by the lead author (DJM) based on the number of optimal clusters and the presence of statistically significant heterogeneity between the clusters for each variable used to create them. Inclusion of too many variables in the cluster analysis resulted in too many clusters being created with disparate sizes. For variables satisfying the assumptions of normality and homogeneity of variance, heterogeneity between the clusters was assessed by using a 1-factor ANOVA. The medians of variables not satisfying these assumptions were compared across the clusters by using the nonparametric Kruskal-Wallis test. Using a descriptive analysis of the variables within each cluster, we were able to interpret each cluster and add convenience labels to them based on their characteristics. Therefore, the labels describing the cluster were not based on any published cutoffs. Once the number of clusters was determined, descriptive statistics for each of the variables used to create the clusters were calculated for each cluster. Total alcohol intake, coded as drinks/d, was categorized as 0, .0-0.5, .0.5-1, and .1 based on the current US recommendations of 1 drink/d for women. The association between categorical alcohol intake and cluster was assessed by using Pearson's chisquare test.
ANCOVA
ANCOVA was used to examine the effect of categorized alcohol intake on BMD of the left FN and the LS (at the second visit), adjusted for the clusters of lifestyle. An interaction term was added to the model to examine the effect of alcohol intake within the clusters. Adjusted least-squares means were compared between intake categories by using the Bonferroni post hoc multiple comparisons test. The models were also adjusted for other confounding variables, including height, weight, age, energyadjusted total calcium intake, energy-adjusted total vitamin D intake, and any potential confounders that were not included in the final clusters. The ANCOVA analysis was repeated for number of drinks/d categorized within type (eg, beer, liquor, and wine), separately. A further adjustment was made for the remaining alcohol content (g/d) from the other 2 drink types. To minimize the chance of a type 1 error arising from multiple testing, a P value ,0.01 was used to denote statistical significance throughout. Any woman missing data for any of the variables included in the analyses was excluded. Menopausal status was recoded as dummy variables, defined as premenopausal, perimenopausal, postmenopausal with no HRT use, postmenopausal with past HRT use, and postmenopausal with current HRT use (used as the reference category). A very small number (n = 22; 0.68%) of the 3218 women were receiving bisphosphonate treatment for osteoporosis. As a sensitivity analysis, we excluded these women and repeated the ANCOVA.
RESULTS
Cluster analysis
After the TwoStep Cluster Analysis process, 3 lifestyle clusters were derived from the data and were made up of PAL score, total fruit and vegetable intake (g/d), and smoking pack-years. The clusters were interpreted as follows ( Table 1) : cluster 1 (low smoking pack-years, high fruit and vegetable intake, and high PAL), cluster 2 (low smoking pack-years, low fruit and vegetable intake, and low PAL), and cluster 3 (high smoking packyears and low fruit and vegetable intake).
Of the 3230 women, 12 had missing values for the 3 variables included in the clusters and were excluded from the statistical analysis. Low and high numbers of smoking pack-years, fruit and vegetables, and PAL were defined by whether the median values for each cluster were lower or higher than the overall median. For cluster 3, the median PAL was very close to the overall median PAL; therefore, this cluster was defined only by smoking packyears and fruit and vegetable intake. Furthermore, note that variation within the clusters exists with such a large cohort of women, which means that some women will suit their assigned cluster better than others. For example, there was no cluster interpreted as women with high smoking pack-years and high fruit and vegetable intake. Such women will have been included within either cluster 1 or cluster 3. If enough women had existed within the cohort who belonged to such a category, then the cluster analysis procedure may well have created a separate cluster for them. Creating predefined groups out of all combinations of the lifestyle factors would lead to a lack of statistical power because of a large number of small groups.
The characteristics of the women by lifestyle cluster are shown in Table 1 . Half of the women belonged to cluster 2, whereas 26.9% and 22.5% belonged to clusters 1 and 3, respectively. Because smoking pack-years had a highly skewed distribution, medians (IQRs) are presented. Whereas total fruit and vegetable intake and PAL were normally distributed, there was evidence of significant heterogeneity of variance between the clusters, meaning that the median (IQR) had to be presented. There was a highly significant difference between median total fruit and vegetables intake, PAL, and smoking pack-years of the clusters. A higher percentage of women from cluster 3 lived in areas more deprived than did those in the other 2 clusters.
Three-quarters of the women consumed alcohol, 56% wine, and 41% liquor; however, only 9% consumed beer. There was no significant difference between the median total alcohol or beer (g/d) intake of the 3 clusters, but there was for wine and liquor (Table 1) . However, when categories of drinks per day were used, there were significant differences between the clusters (P , 0.001) for total alcohol and all 3 beverage types.
FN BMD
Total alcohol intake had a statistically significant effect on FN BMD for the unadjusted model. Whereas the overall effect was of borderline significance (P = 0.01) for the lifestyle-adjusted model, the multiple comparisons test showed that those who consumed .1 drink/d had a greater BMD than did those who never consumed alcohol (P = 0.008). The increasing trend across categories was also significant ( Table 2 ). The interaction between lifestyle and alcohol intake was not statistically significant for total alcohol or the separate sources of alcohol. FN BMD did not differ between the 2 groups of beer intake (.0 compared with 0 drinks/d). For wine, although there was a significant trend for an increase in FN BMD across increasing categories of intake (P = 0.007), no significant difference was found between the categories of intake (P = 0.04). Alcohol intake from liquors had no effect on FN BMD. Lifestyle cluster had no association with FN BMD when added to the adjusted models for total alcohol and all separate sources of alcohol. Other than those receiving HRT, only 22 of the 3218 (0.68%) women reported that they were receiving bisphosphonate treatment for osteoporosis. A sensitivity analysis excluding these 22 women showed no difference in outcome (ie, the model results were the same with or without these women).
LS BMD
Total alcohol and beer intakes had highly statistically significant effects on LS BMD for the unadjusted models ( Table 3) . Whereas total alcohol had a borderline significant effect (P = 0.01) in the adjusted model corrected for lifestyle, the multiple comparisons test showed a significant difference between nondrinkers and those consuming .1 drink/d (P = 0.007). The trend for an increase in BMD across alcohol consumption categories was also significant (P = 0.001). The effect of beer (drinkers compared with nondrinkers) remained significant after adjustments. There was no relation with LS BMD for wine and liquor separately. The interaction of lifestyle clusters and alcohol intake was not significant 1 EI adj, energy intake adjusted; HRT, hormone replacement therapy; PAL, physical activity level. 2 Clusters are defined as follows: 1, low smoking pack-years, high fruit and vegetable intake, high PAL; 2, low smoking pack-years, low fruit and vegetable intake, low PAL; and 3, high smoking pack-years and low fruit and vegetable intake.
3 P value for the comparison of characteristics between the 3 lifestyle clusters. To minimize the chance of a type 1 error arising from multiple testing, a P value ,0.01 was used to denote statistical significance throughout. 4 These covariates were used to derive the clusters. for total alcohol intake or the individual alcoholic beverages. Lifestyle cluster had no association with LS BMD when added to the adjusted models for total alcohol and all separate sources of alcohol. Exclusion of the 22 women who were receiving bisphosphonates did not change the results.
Interaction between alcohol intake and menopausal/HRT status
As a post hoc analysis, an interaction term for menopausal/ HRT status and total alcohol intake was added to the models predicting FN and LS BMD. The interaction was significant for FN BMD (P = 0.007) but not for LS BMD (P = 0.052) ( Figure   1 ). In general, across all categories of total alcohol intake, women who were currently receiving HRT had a higher mean BMD than did women who previously received HRT and women who were postmenopausal and never received HRT. In women who were currently receiving HRT, BMD was highest in those consuming .1 drink/d. However, those receiving HRT had a lower mean BMD than did pre-and perimenopausal women.
DISCUSSION
Our study showed that the LS and FN BMDs of women aged between 50 and 62 y, who consumed .1 drink/d of alcohol, is significantly greater than those of nondrinkers, even after 1 All values are estimated marginal means (95% CIs). Clusters are defined as follows: 1, low smoking pack-years, high fruit and vegetable intake, high physical activity level; 2, low smoking pack-years, low fruit and vegetable intake, low physical activity level; and 3, high smoking pack-years and low fruit and vegetable intake.
2 To minimize the chance of a type 1 error arising from multiple testing, a P value ,0.01 was used to denote statistical significance throughout. 3 Included in the adjusted analysis. 4 Significantly different from 0 drinks/d (Bonferroni post hoc test). 5 Adjusted for age, height, weight, energy-adjusted total calcium intake, energy-adjusted total vitamin D intake, menopausal status, and deprivation category. 6 There were insufficient numbers of women in the .0.5-1 and .1 drink/d categories; therefore, the .0-0.5 drinks/d category is actually .0 drinks/d. 7 Adjusted for alcohol (g/d) from other sources.
adjustments for lifestyle factors. A significant trend of increasing BMD with increasing total alcohol intake was also shown. However, for individual alcohol types, the effect was not so apparent. Neither wine nor liquor intake was significantly associated with BMD. These nonsignificant findings may be explained by a lack of statistical power resulting from low numbers of women in the higher intake categories. However, only 9% of women consumed beer and yet, after adjustments, it was significantly and positively associated with LS BMD. This may be explained by the silicon effect that is seen for beer but not for other alcoholic beverages (4).
Other studies have reported on a positive effect of alcohol on BMD (2, 3, 19, 20) . A study in postmenopausal women reported a significant trend for an increase in mean LS BMD with increasing categories of alcohol consumption for an age-adjusted model (3). Those women who consumed the most alcohol (.75 g alcohol/wk) had a significantly greater BMD than did those who consumed ,25 g/wk and between 25 and 74.9 g/wk. The results were similar for a multivariate model adjusted for age, BMI, age at menopause, use of postmenopausal estrogens, and smoking status. Our study also found a significant effect of alcohol before and after adjustment for lifestyle factors, but only between nondrinkers and those consuming .1 drink/d. However, the previous study (3) found no effect of alcohol on BMD at the FN. Their population was older than ours, which may partly account for the difference in the study findings. A recent co-twin control study in postmenopausal women from the TwinsUK registry found a significant effect of energy-adjusted alcohol intake on the LS BMD but not on the FN BMD (19) . Because subject numbers were relatively low, alcohol intake was highly skewed, and variables must be normally distributed for energy adjustment, the results should be interpreted with caution. However, an article by Mukamal et al (20) on 5865 participants from the Cardiovascular Health Study reported significant associations between FN BMD and alcohol consumption for a basic model (adjusted for age, sex, race, weight, and height) and a model with many more covariates, including lifestyle factors such as physical activity and smoking status. This study included both elderly men and women aged 65 y. Our findings concerning the effect of total alcohol on BMD were similar to those from the study by Tucker et al (4) . For example, in our study, FN BMD was higher (P = 0.008) in those drinking .1 drink/d (0.85 g/cm 2 ) than in nondrinkers (0.84 g/cm 2 ). In the study by Tucker et al, the BMD of postmenopausal women was higher (P = 0.02) in those drinking .2 drinks/d (0.88 g/cm 2 ) than in nondrinkers (0.84 g/cm 2 ) (4). Interestingly, Tucker et al found a significant effect of beer intake on FN BMD but not on LS BMD, whereas our study found that beer intake was significantly associated with LS BMD but not with FN BMD. They also found that liquor had a significant effect on spine BMD, whereas our study did not. However, had they accounted for multiple testing (as in our study), these differences would not have been significant. Therefore, lack of statistical power due to low numbers of women in the higher intake categories of beer and liquor for both studies and the fact that our population was closer in time to menopause may explain such a difference. Indeed, the trabecular bone of the spine is more sensitive to the sudden loss of estrogen around the time of menopause than is the cortical bone of the FN (21) .
The fact that those women who consumed .1 drink/d of total alcohol had a significantly greater BMD than did those who never consumed alcohol, even after adjustment for lifestyle and other confounding factors, indicates that alcohol should now be considered an independent factor for bone health. The results of a previous study on a subset of women (n = 891) from the APOSS cohort who completed the FFQ at both baseline and follow-up found that after adjustments for weight, age, HRT use, and menopausal status, alcohol intake (taken as the mean of the 2 visits) in quartiles was positively statistically associated with the change in LS BMD (P = 0.002) (8) . Our post hoc analysis showed a significant interaction between menopausal/HRT status and total alcohol intake for FN BMD. Of the postmenopausal women, those currently undergoing HRT had higher mean BMDs than did women who previously or never had HRT across all categories of alcohol intake. Silicon is a component of some alcoholic beverages, and it has been shown that silicon utilization for bone anabolism may depend on estrogen status (22, 23) . It has also been suggested that alcohol and HRT use may have an additive effect on endogenous estrogen concentrations (24) .
Strengths and limitations
First, FFQs are known to provide only crude estimates of dietary intake. Second, the lack of statistical significance at the level of alcohol type may have been due to small numbers of women in the .1 drink/d category, which could have led to a lack of power. Third, there is a difference in BMD, albeit not large, after adjustment for lifestyle clusters. We would not expect a large difference because overall alcohol intake was low for this cohort. Because of this, the intake categories were narrow, which made it difficult to detect large differences in BMD. Furthermore, the interaction between alcohol intake and menopausal/HRT status did find more clinically relevant differences between the subgroups for FN BMD. For example, the women who previously received HRT and did not consume alcohol had a lower FN BMD (0.79; 95% CI: 0.77, 0.81) than did those who consumed .1 drink/d (0.84; 95% CI: 0.82, 0.85).
The strength of this study was its large cohort size and the many measurements of the women that were collected with which to predict BMD. Only measurements taken at the second visit were used in this study, because only a small proportion of the cohort had measurements collected at the first visit. This meant that only a cross-sectional study could be done on the whole cohort rather than a longitudinal study examining the change in BMD from the first to the second visit. However, as discussed earlier, a previous study by Macdonald et al (8) investigated the effect of alcohol on BMD change in a subset of 891 women who had measurements taken at both visits.
The lifestyle factors PAL score, fruit and vegetable intake, and smoking pack-years, included in the cluster analysis, were judged to be an appropriate representation for exercise, diet, and smoking, respectively. Cluster analysis is a partly subjective method and any other number of factors could have been used to create the clusters. However, in our experience it is preferable to use as small a number of variables as possible so as to achieve as small a number of interpretable clusters as possible. The TwoStep Cluster Analysis procedure differs from other clustering methods (eg, hierarchical and k-means clustering) in that it can automatically determine the optimal number of clusters, and it is suited to large data sets (18, 25) .
Conclusions
Moderate alcohol ingestion appears to play a role in bone health independently of the type of lifestyle led by women around menopause. Further research is required to establish the effect of alcohol and its interaction with hormonal status on bone health and whether other constituents of alcoholic beverages are predictors of BMD, independent of the alcohol content. Because of the low numbers of moderate to heavy drinkers in the sample, insufficient evidence was available to establish whether and at which point the positive effect of alcohol on BMD plateaus with heavier consumption.
